Quality science, technology, engineering, and mathematics (STEM) experiences during the early years provide young learners with a critical foundation for future learning and development. Engineering design is a context that can be used to facilitate connections and learning across STEM, however there is limited research examining the use of engineering design-based STEM integration within the early childhood classroom. This study examines how an engineering design-based STEM integration unit was enacted across three kindergarten classrooms. Classroom observation and video data were collected and a coding scheme was used to document the ways that engineering and engineering design were enacted as well as the role of the teacher and students within the lessons. Results suggest that kindergarten students were able to meaningfully engage in and with multiple stages of an engineering design process while also building understanding of scientists and engineers related to teacher and student interactions, there were multiple instances of student-initiated talk, student to student response, the use of explicit engineering language and of students making connections to prior learning. This suggests that the enactment of engineering design in early childhood should incorporate multiple aspects of engineering and engineering design, include interdisciplinary content and provide a context for STEM integration.
INTRODUCTION
Within STEM education, there remains a call for the use of a more integrated approach to STEM that allows educators and researchers to cross disciplinary boundaries and engage students in more integrated and interdisciplinary thinking and experiences (e.g. English, 2016; NRC, 2012; . This focus on a more interdisciplinary approach to teaching and STEM has not only been found to increase student learning and motivation (Brophy et al., 2008) but also lays an important foundation for future learning (Kuhn and Pearsall, 2000) . Furthermore, an integrated and interdisciplinary approach aligns with developmentally appropriate practice in early childhood that recommends that "teachers plan curriculum experiences that integrate children's learning with and across… disciplines" (Copple and Bredekamp, 2009, p.21) . Within these early integrated STEM experiences, the interdisciplinary nature of engineering provides a link across STEM disciplines and is an ideal vehicle for advancing the natural curiosity and problem-solving skills that characterize early childhood classrooms (Tank et al., 2018; Brophy et al., 2008) . However, there is limited research within the areas of early childhood
Participants and Context
This research is part of a larger project that is examining engineering design and computational thinking within integrated STEM experiences for K-2 students. As part of this larger project, the three teachers agreed to implement the same integrated STEM curricular unit, Designing Paper Baskets (described below) that was developed by the research team (Tank et al., 2018) . This particular study was focused on examining the implementation of this curriculum in three kindergarten classrooms and specifically looking at student and teacher talk and the types of interactions around engineering that were occurring and who was initiating these interactions. The data for this project were collected from all three full-day Kindergarten classrooms at a K-8 public charter school located in a small city in a Midwestern state within the United States that includes 57% students on free-reduced lunch (lower socio-economic status) and 22% students of color (not identified as 100% Caucasian). Each of the Kindergarten classrooms were taught by one of three Caucasian, female teachers who were within their first five years of teaching and representative of early elementary teachers in that they had not received specific coursework or training related to integrated STEM. Additionally, these teachers only received a one-hour, on-site introduction to the curriculum as they implemented this curricular unit prior to any participation in professional development around engineering and integrated STEM. This allowed for the researchers to gather data that was somewhat representative of the typical early elementary classrooms where teachers do not have access to specific STEM professional development prior to implementation (Banilower et al., 2013) . While the choice of where and from whom to collect data was meant to be somewhat representative of Kindergarten classrooms, these data are specific to this school and these three classrooms, teachers, and students; therefore, while the lessons we learned from this study are likely to be true elsewhere, caution should be taken when making such generalizations. Data were collected from 32 students across the three classrooms in accordance with IRB #1401014380.
Curriculum as the Research Setting
The integrated STEM curriculum unit, Designing Paper Baskets that was implemented in all three of the Kindergarten classrooms is part of the PictureSTEM curriculum project that uses picture books, an engineering design challenge, and student-centered pedagogies to provide authentic, contextual activities that engage learners in specific science, technology, engineering, and mathematics content. There are four primary components that serve as a foundation for this curriculum: 1) engineering design as the interdisciplinary glue that is present throughout the integrated STEM unit, 2) realistic engineering contexts to promote student engagement, 3) highquality literature to facilitate meaningful connections and 4) instruction of standards-based STEM content using student-centered pedagogies, with a particular focus on evidence-based reasoning as a means to tie the subjects together (Tank et al., 2018) . The implementation of this engineering design-based STEM integration curriculum is the context for observing evidence of engineering experiences, talk, and interactions that occur within these three Kindergarten classrooms. Since the focus of this study was to explore what engineering looks like in practice within an actual classroom, asking the teachers to all use the same integrated STEM curriculum was an attempt at providing a consistent curriculum and instructional approach across the classrooms.
The particular curriculum unit, Designing Paper Baskets, that was implemented in this study focuses on the development of the mathematics concept of pattern recognition and the science concept of exploring physical properties and materials. In addition to the five lessons shown in Table 1 , there is an introductory lesson where engineering, specifically the engineering design process, and the overarching engineering design challenge is introduced to students. The engineering design challenge for this unit, asks students to assist two fellow kindergarteners, Max and Lola, in creating a design for a paper basket that can be used to transport wet and dry rocks for other children interested in starting a rock collection.
Data Collection & Analysis
The video data were collected using three cameras on tripods during the PictureSTEM curriculum lessons, one per classroom. When a member of the research team was available, they would set up the camera and take field notes during the lesson. When no researcher was available, the teachers themselves set up the tripod in a reasonable location for the duration of the lesson. Video data was collected for all five literacy and STEM lessons for each of the three teachers. Videos were analyzed using the Dedoose qualitative analysis software (www.dedoose.com) and uploaded to the secure Dedoose platform for researchers to access the videos for asynchronous coding. For each of the individual lessons that make up the larger curriculum unit researchers watched each of the classroom videos and identified excerpts, or small clips, within the videos that were focused on activities or interactions related to engineering. In this study, an excerpt is defined as the full interaction rather than by a specific time. This allowed for a condensing and categorizing of the data around the research question of examining what engineering looks like in a Kindergarten classroom. These excerpts became the unit of analysis and the focus of the coding and analysis for this study.
Initially, all researchers reviewed a selected subset of the video data (Derry et al., 2010) Using the engineering design process, presented in Figure 1 , as a provisional analytic framework, researchers deductively and inductively created a coding scheme to analyze the video data (Miles et al., 2014) . This version of the engineering design process was developed through multiple research and curriculum studies (e.g., see Tank et al., 2016; Tank et al., 2018) . The first of these studies, the Framework for Quality Engineering Education , defined the engineering design process as the following six phases: problem, background, plan, implement, test, and evaluate. Through our research and curriculum development with young children, we found that these terms were difficult for the young students to understand. Therefore, we changed the language to be more accessible by making "problem" into "define the problem", "background" into "learn about the problem", "plan" into "plan a solution", "implement" into "try your plan", "test" into "test your solution", and "evaluate" into "decide if your solution is good enough." Throughout this manuscript, we will shorten these definitions into the just the colored words shown in Figure 1 . These phases as defined in with the new names from Tank et al. (2018) were used to guide the first round of coding.
Further analysis of the data and iterative cycles of coding allowed for the emergence of additional codes and sub codes that related to the research questions but were not captured in the provisional framework (Miles et al., Figure 1 . Engineering Design Process 2014), such as connections to curriculum, student talk and teacher talk. The resulting coding scheme was used to document the ways that engineering and engineering design, were framed and enacted in the classroom as well as the role that the teacher and students played within the lessons. The set of codes, sub-codes, and an example of each that made up the final coding scheme are divided by category and presented in Table 2 . We're moving down to Plan, we get to Plan the design of our baskets C1, L4B
Conceptions of Engineers and Engineering
Identifying what engineers do, identifying self or others as engineers We're gonna be like a scientist! We are, we're going to be like engineers. C1, L3B
All four coders for this project were already familiar with the initial codes and their definitions from prior research that had been conducted. Prior to coding all of the data, the four coders rated common video clips to assure that our coding was calibrated. After coding the clips, we used Randolph's free marginal kappa to calculate the interrater reliability (IRR) for the four coders. Randolph's free marginal kappa is a variant of Fleiss' kappa (Fleiss, 1971) , which is the most common replacement for Cohen's kappa when there are more than 2 raters. We chose to use Randolph's free marginal kappa to also take into account that there were not specified numbers of each category that must be coded. Our IRR for this study was multi-rater free = 0.941, which is almost perfect agreement according to Landis and Koch (1977) .
Following the establishment of interrater reliability with the coding scheme, the research team divided the data to analyze and coded individually. The codes represent instances of engineering related actions, interactions and conversations that were seen throughout the enactment of the lesson. This allowed for the categorization and identification of reoccurring patterns within the data based on the clustering of similar codes, which led to a smaller number of patterns codes that could be grouped into larger themes (Miles et al., 2014) . Through this process of coding, organizing, and clustering the data, several themes emerged related to the bigger categories of engineering design, talk and interactions as well as several unexpected themes that will be presented in the subsequent section.
RESULTS
When looking at the results of the coding and analysis, there were several themes that emerged related to the larger research question examining what engineering looks like in a kindergarten classroom by looking at the talk and types of interactions that were occurring during instruction. Across the three classrooms students, with the support of the teacher, were seen to engage in and with all of the stages of an engineering design process with an emphasis on the learn stage where they were building knowledge of the problem and content. Additionally, there was evidence that as students were participating in these engineering design-based STEM experiences that they were also building their understanding of scientists and engineers, as well as some early self-conceptions of being scientists and engineers. Finally, when looking at the role of the teacher and students within this context, even though there was a lot of teacher talk throughout the lessons, there was also evidence of a large number of unprompted student talk, student to student response, the use of explicit engineering language and student connections to prior learning and experiences seen across the curriculum. Additional description and examples around each of these larger themes will be discussed in the following sections. Excerpts are noted by classroom and lesson; for example, C1, L3B would be an excerpt from Classroom 1 during Lesson 3B. See Table 1 for lesson descriptions.
Overview
Using the internal analysis available in Dedoose (version 7.5.9), a word cloud portraying the relative number of each code applied during the coding analysis is shown in Figure 2 . This word cloud provides a picture of the patterns that were seen as this engineering design-based STEM unit was enacted in the three kindergarten classrooms. When looking across the stages of the engineering design process, the unit focused heavily on the Learn stage with 218 total coded excerpts identified for that stage. This is expected as STEM lessons 1 -3 and all Literacy lessons have been designed to help students to build background knowledge around the problem and content necessary for solving the engineering design challenge and therefore would be in the Learn stage. Learning specifically about the materials that would be used to weave their baskets and the strength and how the materials interacted with water was found to be the largest single aspect of the lessons with 145 coded excerpts.
Another interesting pattern that emerged, that was related to the student-teacher interactions around engineering, and revealed that there were more student-focused excerpts, 265, compared to the 182 teacherfocused excerpts across the unit. As seen in the word cloud in Figure 2 above, there were two other areas of interest that appeared within the data. "Explicit Engineering Language", language that was either engineeringspecific (e.g., engineer, prototype, or criteria), or language that was specific to the curriculum and used in an engineering context (e.g., plan, try, or test) was noted with 59 separate excerpts coded as using engineering language. The other area of interest was "Connections to Curriculum" with 80 distinct excerpts. Excerpts were coded as "Connections to Curriculum" when prior lessons or concepts learned within those lessons were referenced either by the teacher or students.
Engineering Design Process
When looking more closely at the types of engineering and engineering design experiences, the progression follows the intended engineering design process as designed for this curriculum and seen in Figure 3 . The progression is driven by the curriculum and mainly forwarded by the teacher, with the Define stage occurring in the introductory lesson and tapering as the classroom comes to a well-defined consensus on what the problem is, followed by multiple lessons where learning necessary background to solve the problem is the focus. Planning and building their basket design is found in the Plan and Try stages in Lesson 4B, while the Test and Decide stages occur in Lesson 5B in the curriculum. The students test their baskets with wet and dry rocks and decide whether their design meets the client's needs. A breakdown of the code counts for the different stages of the engineering design process that were seen within this unit can be found in Figure 3 .
Figure 2. Word cloud indicating number of times each code was used in relation to all codes
Overall, the classrooms followed the expected engineering design process as it was designed to be implemented. However, engineering design is not a unidirectional procedure to be strictly adhered to, and while there is a definite progression through the process, there was evidence of kindergarten students engaging in design as an iterative process as seen in Figure 3 above. Aspects of defining the problem, learning about the problem and planning for solutions were seen to occur across multiple lessons throughout the curriculum. There were aspects related to Planning that occurred before the intended planning-focused lesson (4B) and were often prompted by students using the problem scenario set up in the beginning as a context for generating and discussing potential solutions related to this problem. One place where this occurred can be seen in the following teacher-initiated example, when the teacher was wrapping up the first lesson by asking students to relate their learning about paper back to the problem context and start to thinking about possible solutions:
Teacher: If we were making a basket, what would you want to make a basket out of? What paper would you choose? Student: The see-through one Teacher: Why would you choose this? Student: Because it can get wet. C3, L1B
Students were able to explore a variety of STEM subject matter through this project. The other common place where this more iterative nature of engineering and design was seen was with those instances coded as part of the Learn phase of the Engineering Design Process. While there is a focus on the Learn phase within lessons 1, 2, and 3 in the curriculum, analysis revealed that there was evidence of the Learn phase seen in varying degrees across the lessons. When looking at little more closely at who was initiating and engaging in this learning, Figure 4 presents the breakdown of student and teacher talk and response across the "Learn" stage codes. Fifteen percent, or seventeen out of 110 total student interactions, were coded as "Student Talk". Students need the guidance and prompting of the teacher to help them through the process of learning the background behind their engineering design project, scaffolding the lessons and encouraging students to share their findings.
As students explored the STEM lessons and learned more about the background information required to complete the design project, the following excerpt presents an example of a student developing experiments that could be used to learn more about the materials. Student: Because I want to see, I want to do both and see which one is better Teacher: Oh, so you want to do both pieces of paper to see which one works best? Why? Student: Because so I could give the basket one of the papers. Teacher: So you're seeing which paper would be the best for the basket. Student: So I'm doing both.
C3, L2B
Another theme that emerged related to engineering design was that even though the Kindergarten students were eager to jump into planning and building their basket designs they were able to keep a focus on the larger problem and working through the Engineering Design Process over many days. Additionally, both the teachers and students were seen using the engineering design process as a thread that connected the pieces of the curriculum. All of the teachers followed the curriculum as it was written and typically at the start of each lesson they would note where in the Engineering Design Process the class would focus for that day's lesson. The following example occurred at the start of the third STEM lesson:
Teacher: And we are right now in the process of…. Student: Learn! Teacher: Learning, that's right! C1, L3B Teacher: So we're still on the Learn part, you're learning about how to weave to make your basket.
C3, L4A
Furthermore, in the classroom where the Engineering Design Process was consistently and prominently displayed, the following examples showed students commenting on where they were and where they would be going in the design process.
Student: And you need to define it! Don't forget to define! C1, L0 Student: We're still on learning, are we on learning? C1, L1B Student: Can we do plan? C1, L4B In all of these examples, the students were sharing their ideas after the teacher had introduced the goals of lesson and then directed their attention back to the engineering design process, but before the teacher explicitly identified where they were in the process.
Teacher & Student Interaction
When considering the types of interactions seen throughout the unit, there were more student-focused excerpts, 265, compared to the 182 teacher-focused excerpts. Of the 182 teacher-focused excerpts, 148 were coded as "Teacher Talk" where the focus of the teacher's interaction is to guide the lesson by initiating conversation or providing knowledge. The remainder were often coded as "Teacher Action", 32 excerpts, where the teacher was primarily showing students how to do something or helping students to engage in a physical activity or "Teacher Response", 2 excerpts, where the teacher was primarily providing information or a response to students' prompts. With respect to the 265 student-focused excerpts, 144 were coded as "Student Response" where students were primarily responding to prompts from the teacher with information related to the project (e.g. "What are we designing?" "Baskets!" C1, L1B), 46 were coded as "Student Talk" where students were supplying information or inciting an engagement with the teacher or other classmates without outside prompting, and 75 were coded as "Student Action" where students were primarily focused on physical actions.
Conceptions of Engineers and Engineering
Another pattern that was seen during the analysis of the engineering experiences was that throughout this curriculum, students were building their understanding of the work of scientists and engineers, including beginning to identify themselves as being or being like engineers and scientists. Many of these instances were seen when the teachers facilitated this belief by helping students to prepare: "Now we are going to think like engineers, put on your invisible engineer thinking hats" C3, L0. There were also instances where students are the ones to recall their role as scientists and engineers during future lessons with minimal prompting: Student: We're gonna be like a scientist! Teacher: We are, we're going to be like engineers. C1, L3B Teacher: "This bridge must have been created by an engineer," explained Pedro Student: That's what we are! C1, L5A
Both of these examples were unprompted and provided by female students. These unprompted student responses, taking on STEM self-conceptions, help to facilitate students' beliefs that one of their future selves could be as an engineer or other STEM professional. Students are eager to take on these STEM roles as they move through the curriculum.
Teacher: It's an engineering kids story book, written by… Student: We're going to be engineers? C1, L5A Student: Can we do another experiment? C3, L2B
Explicit Engineering Language
Explicit engineering language, language that is either uncommon for kindergarten students to use (e.g. engineer, prototype, criteria, etc.) or that is specific to the EDP and used in that sense (e.g. plan, try, test, etc.) was coded when it was seen in the curriculum. The most common occurrence for explicit engineering language was at the beginning and end of the lessons, when the teacher was reminding students of the context or connecting what they had learned to the engineering design context. Students also used explicit engineering language, but not as often as teachers did as seen in Figure 5 .
Explicit engineering language was often used when discussing or describing the engineering design process. Approximately half of the excerpts coded as explicit engineering language were also coded with "Engineering Design Process", meaning they occurred when directly discussing the engineering design process. Some instances of explicit language use reminded students of where they were and what they needed to do for the engineering design project, "Where's your plan, I need to see your plan before you come up to me" C1, L4B.
Connections to Curriculum
Teachers and students connected lessons across the curriculum to their design projects as seen in Figure 6 . The integrated curriculum was designed so that students would be introduced to an engineering design problem, then learn what they needed to know to solve the problem through books and STEM lessons, and finally complete the engineering design project using the knowledge they had learned to help the client. In order to build upon each lesson, referring back to and transferring knowledge across the different pieces of the curriculum is necessary.
Twenty-two percent of the student-focused excerpts (8 of 36) were coded as "Student Talk", where students connected back to aspects of the curriculum in an unprompted manner. Students were able to make their own connections back to the books they had read, the experiments they had done, and to the context for the engineering design project. Connections to the curriculum often connected to a book that was read in preparation for a STEM lesson. Teacher: Earlier today we read Pattern Fish and we learned about patterns, right? Why did we learn about patterns? Raise your hand if you want to tell us why we learned about patterns.
Student: Patterns on our baskets. C1, L4B
Connections back to the curriculum also occurred when teachers and students were remembering where they were and what experiments they had done.
Teacher: We have talked about five different papers. We have talked about construction paper, we have talked about regular copy paper.
Student 1: No, I don't remember doing construction paper.
Student 2: I do.
Teacher: I think on the very first day we each had little squares and you had to feel the difference between them. You are right we haven't talked a whole lot about the construction paper but it's going to come in handy today. So construction paper, copy paper, oh, our favorite! Our favorite! Student: Wax! Teacher: Wax paper with that wax coating, we have tissue paper, we have paper towels, our five different papers. These are all papers you can find at your house if you looked really hard and Max and Lola want us to use some paper you can find at home, so this is some of the paper that you can find at home. C2, L3B
Connections across the lessons was also seen in un-prompted, or student-initiated instances when students would make their own connections between the subject-specific activities they conducted and the engineering design problem. In this example, the teacher had finished reading the second part of the book, I Get Wet by Vikki Cobb which is about the properties of water and was asking the students about what they learned from the book to move towards summarizing the text and a student replied, "I know what, which kind of paper to use!" C2, L3A. As expected, more connections were seen in the later lessons as students created a plan for solving the engineering problem using the knowledge from prior lessons. Some additional connections occurred as students talked about their plans and designs, however while many students described why they used specific materials they did not directly attribute their reasoning to the lesson or content where they learned the material properties, so these instances were not coded as directly connecting back to the curriculum.
CONCLUSIONS
As we looked at the implementation of an engineering design-based STEM integration unit in three Kindergarten classrooms, the goal of this exploratory, descriptive study was to gain a better understanding of how engineering can and should be integrated into early childhood classrooms. As engineering continues to expand into classrooms and contexts with young students, the question of what developmentally-appropriate engineering is and what does it look like for the teacher and student in classroom practice continues to be asked. Based on the results of this study, the authors assert that developmentally-appropriate engineering can: 1) incorporate multiple aspects of engineering and engineering design, 2) be scaffolded by the teacher to promote student talk and action, 3) include interdisciplinary content and connections, and 4) take place over an extended period of time, especially when using a visual representation of the engineering design process as an organizing tool and place marker.
Throughout the unit, the teachers and students were seen engaging with engineering and engineering design across the different lessons in an iterative manner, especially with defining the problem, learning about and planning for their design solutions that is more realistic of engineering. While this was largely teacher driven, these results suggest that kindergarten students are able to engage in problems that have multiple layers and require learning and revisiting ideas and possible solutions, which is an important aspect of engineering design and solving engineering problems (Tank et al., 2018; Lachapelle and Cunningham, 2014) . This learning and revisiting of ideas and solutions was especially evident within the Learn phase of the EDP. Even though the curriculum was designed to have students learn the relevant background knowledge and revisit this knowledge in the context of students' ideas across multiple lessons, it was unclear how this would translate into practice and how much of an emphasis it would be given by the teachers and students. It was therefore encouraging to see knowledge building related to the problem and possible solutions across multiple lessons.
Additionally, kindergarten students were not only engaging with the engineering activities, but they were also seen building their understanding of scientists and engineers as well as developing a better understanding of the work that engineers do (Adams et al., 2011) . While this was commonly seen following teacher prompting or scaffolding, there was also evidence of student-initiated instances of building their own self-conceptions as engineers and scientists.
When looking at the teacher and student talk that occurred during this unit, the use of engineering design-based STEM integration was seen to promote the practices of language skills as it encouraged frequent instances of student talk and student response alongside with student action. While there was evidence of a larger number of student-focused excerpts identified within engineering, the teacher-student interactions within these lessons were found to be important for scaffolding and modeling of appropriate engineering language and practices which is similar to what has been recommended within the early engineering literature (Lippard et al., 2017) .
Additionally, when looking at the enactment of engineering design-based STEM integration, this study suggests that engineering design provides a space and context not only for teachers to integrate and make connections across content areas, but also for students to make their own connections across disciplines. This was evident by the large number of excerpts that were dedicated to building background knowledge within mathematics and science content, but also seen with the frequent identification of connections across the literacy and STEM lessons and to their design projects by both students and the teachers. This is important when thinking about models of STEM and engineering as those recommended models would ideally encourage and support both student-directed and teacher directed interdisciplinary learning and thinking. Furthermore, when thinking about the studentinitiated and interdisciplinary thinking, some students were able to independently make connections to the classroom lessons when designing their basket however many of the students needed more direct prompting from the teacher in order to make these connections.
Finally, these results suggest that kindergarten students are able to complete long-term, multi-part engineering design projects that include integrated STEM lessons and that students can have high levels of understanding and engagement as seen by high levels of project-focused student responses. However, teachers are needed to facilitate and guide, but not constrain students during an engineering design-based project. This was especially true in the classroom, where the teacher and students frequently referred to the visual representation of the engineering design process that was hanging in their classroom as an organizing tool and place marker for where they were and what their next steps would be in solving their problem. Additionally, while some students were able to move more independently at this age (e.g., two students created experiments to test the paper, some students were independently following and keeping track of the EDP, some students made connections to being engineers and the engineering project without teacher prompting), all students appeared to benefit from the guided engineering experience.
IMPLICATIONS
When looking at the emphasis that is being placed on STEM and engineering at all levels, it is important to have a deep understanding of what these constructs mean at the various levels and what can and should be expected of teachers and students when put into practice. However, this is difficult with the limited body of research within STEM and engineering at the early childhood level. As the field is working to understand STEM and engineering at this level, this study sheds light on how engineering design can be used to facilitate STEM integration and how this can be enacted in early childhood classrooms in developmentally appropriate ways. Gaining a better understanding of engineering design-based STEM integration has several implications or the field. Time and space within the curriculum is limited, so adding more content is a challenge. This study was focused on the engineering that was present in early childhood classrooms within this engineering design-based STEM integration model, and it did not explicitly examine the literacy component. However, there was evidence of student and teacher-initiated talk and connections between STEM and literacy which suggests the potential for using engineering design-based STEM integration as a context for student learning in areas outside of STEM. Therefore, if engineering design can be used to facilitate learning in other content areas, such as STEM or literacy there is a greater chance of meaningfully making its way into and staying in early childhood classrooms where the day and content is already tightly packed. This indicates that additional research is needed to further examine this connection and the extent to which an engineering design-based STEM integration model could be used for content learning in non-STEM areas like literacy. Furthermore, when thinking about the preparation of future teachers and support for current teachers, gaining a better understanding of what STEM and engineering look like in practice can help with teacher preparation and professional development efforts for teachers who have limited background, experience and confidence in teaching STEM and engineering.
